SUMMARY Chromosome analysis using conventional staining, G banding, and, after BUdR incorporation, two R banding methods, one using Hoechst and one acridine orange, were performed on lymphocytes from a pair of female monozygotic twins. The culture conditions were designed to show the presence of the fragile X (q27-28) which had previously been found to be segregating in the family. One twin was of higher than normal intelligence and the other had been diagnosed as mentally retarded. The frequency of the occurrence of the early/active fragile X compared to the overall total of informative fragile X was determined using both methods described above and was also compared with previous published data in the form of a graph showing percentage of early/active fragile X against intelligence.
Wide variation in levels of intelligence are found in females heterozygous for the fragile X syndrome.
Sherman et al,' Mikkelsen and Joyce and Howell and McDermott both calculated the percentages of active and inactive fragile X per individual subject.
When one of a pair of female monozygotic twins, the other of whom was mentally retarded, presented for genetic counselling, and both were found to have equal levels (7%) of the fragile X in their lymphocytes, this seemed an ideal opportunity to test the Lyon hypothesis as an explanation of their differing levels of intelligence.
Case reports
The family (fig 1) After culture of blood lymphocytes under conditions designed to demonstrate the presence of the fra(X)(q27-28), HF, IF, KS, and SF were all found to have the marker in a percentage of their cells (table  1) , showing X linked mental retardation to be segregating within the family.
Materials and methods
Short term (72 hour) lymphocyte cultures were established on the day of collection of the blood samples and repeated the following day with a further aliquot.
A total of 0-4 ml peripheral whole blood was added to 5*0 ml of the following media.
(1) TC199 + 2% fetal calf serum (FCS).
(2) TC199 + 2% FCS + methotrexate 10-7 mol/l). Altogether six cultures per female subject were set up in the presence of BUdR in order to distinguish between the active and the inactive X. BUdR was added six hours before harvesting and the cultures were kept in the dark thereafter. Colchicine was added to all cultures one hour before harvesting.
Cells from cultures without BUdR were stained with either orcein or Giemsa, in order to maximise scoring of fra(X). Banding studies were performed on cells grown in 199 or medium M (modified F10 After exposure to ultraviolet light for 15 minutes, the fra(X) positive cells were re-examined under the ultraviolet microscope and the active and inactive Xs noted over the previous analysis.
After removal of the coverslip the slides were dried and reverse banded using 2% Leishman in buffer, pH Method 1 using Hoechst (fig 8) (1) KS. Of 13 fra(X) positive cells the inactive X was fragile in nine and the active X fragile in four. One cell was fra(X) positive but uninformative. Method 2 using acridine orange (fig 9) (1) KS 
Discussion
In an attempt to interpret these results, all available information was abstracted from published reports (table 2) and a graph was drawn using a rough division of IQ into severe retardation, dull, and normal along the ordinate and percentage of active fragile X, that is ( Active fra(X) 1 Total active + inactive fra(X) In mammals X inactivation is believed to take place randomly around the time of implantation.14 At this stage gastrulation has not yet taken place and therefore both potential neural and mesodermal tissue could be expected to show a similar pattern of inactivation, although this will also depend on the number of stem cells that go to form each tissue and their relative mitotic activity. It is possible therefore that the inactivation pattern in lymphocytes could be similar to that in the central nervous system and could be used for antenatal diagnosis in a fra(X) positive female. Splitting of the zygote in this pair of monozygotic twins must also have taken place before X inactivation occurred. Of the two methods, acridine orange is the more objective, as the fragile Xs are picked out without bias. Hoechst also has the disadvantage, as Jacobs et al7 have stated, that the banding pattern of the early X can resemble a fragile site and the late X can be so pale it can hardly be seen at all.
There has been some discussion as to whether BUdR may preferentially affect the expression of fragile sites on the active or inactive X.15 As the percentage of fragile X was reduced by the same amount in both sisters (from 7% to 4%) upon addition of BUdR this does not seem likely in our case.
